Various workplace psychosocial stressors have been prospectively linked to poor mental health. Systematic reviews and meta-analyses have found that the most important workplace stressors for poor mental health include high psychological demands, low decision latitude ( job control), the combination of high psychological demands and low job control (high job strain), job insecurity, a low level of social support at work, and effort-reward imbalance (1) (2) (3) (4) (5) . While accumulating evidence from intervention studies suggests that improving psychosocial working conditions can improve health outcomes (6) (7) (8) (9) , the dynamics of exposure-outcome relationships are incompletely understood. That is, there is limited evidence on the duration, timing, and intensity of changes in job stressor exposures that can affect mental and physical health (3) .
Analyses of changes in job stressors occurring naturally in the working population represent a valuable complement to intervention studies. Such natural experiments are less constrained than intervention studies in that researchers can identify and investigate the impacts of deteriorations in working conditions (which might be deemed unethical in intervention studies) as well as improvements (as targeted in intervention studies). They can also be used to answer specific questions on the dynamics of exposure-outcome relationships; and findings, to the extent that they are unconfounded, can be generalized to full study populations-as opposed to intervention studies, which tend to be conducted in selected organizations and worker groups.
A small number of studies focusing on changes in exposure to workplace psychosocial stressors have been conductedmostly cohort studies in Europe and North America. In the Whitehall II Study, Stansfeld et al. (10) found that increases in job demands and decreases in job control were associated with higher risks of psychiatric disorders (as measured by the General Health Questionnaire) but that improvements in demands and control had no effect. In a Dutch study, de Lange et al. (11) found that changing from a situation of low job strain to one of high job strain was associated with an increase in depressive symptoms, with the strongest association being found over a 1-year time lag. In a Canadian study, Wang et al. (12) found elevated risks of depression for employees in high-strain jobs at 2 consecutive time points and for employees moving from low-strain jobs to high-strain jobs. In another analysis of the same cohort, Ibrahim et al. (13) found that this association was stronger at 2 years than at 6 years. Most recently, in an analysis of the Canadian cohort using a high threshold for change, LaMontagne et al. (14) found that increasing job demands, but not deteriorating job control, predicted elevated odds of depression 2 years later, and that improvement in job demands (moderation) and control (increase) did not reduce the risk of depression. The findings of these studies generally support causal relationships, especially for an adverse effect of deteriorating or sustained poor psychosocial working conditions (less so for a beneficial effect of improved conditions).
In this study, we applied a more causally robust fixedeffects analysis to examine the impact of within-person improvements in job control on individuals' mental health. We used 10 annual waves of data collected as part of the Household, Income and Labour Dynamics in Australia (HILDA) Survey, a population-based longitudinal study of a national sample of working Australians. We assessed whether improvements in job control were associated with better mental health, first fitting both job control score and job control quintiles as continuous variables to test for trend and then fitting job control quintiles as a categorical variable (with the lowest quintile as the reference group) to assess the graded nature of the relationship.
METHODS

Study population and data collection
Since 2001, the HILDA Survey, a longitudinal study of working Australians, has annually followed a sample of Australian households and the individuals who have remained in, entered, or left these households. Households were randomly selected for the HILDA Survey using a multistage approach: 488 census collection districts (the smallest geographic area defined in the Australian Standard Geographical Classification, comprising an average of about 225 dwellings in each collection district) across Australia were selected; within each of these areas, 22-34 dwellings were selected, and within each dwelling up to 3 households were selected (15) . The HILDA Survey collects detailed information across a range of dimensions, including social, demographic, health, and economic information, from individuals and their households using a combination of face-to-face interviews with trained interviewers and a self-completion questionnaire during each annual wave. Interviews are only conducted with household members aged 15 years or older. Only employed respondents were included in these analyses.
Data collected during all annual survey waves between 2001 and 2010 were included in these analyses. The initial household response rate in wave 1 was 66%. Interviews were initiated with 19,914 people residing in 7,682 households.
There were 15,127 persons eligible for interview (aged ≥15 years), of whom 13,969 were successfully interviewed in wave 1 (7,682 households) . Retention of responding individuals during subsequent waves was 87% in wave 2 and more than 90% thereafter (16) . A greater number of people were interviewed in each wave than were originally included in wave 1, because some initial nonrespondents were interviewed in later waves and some sample household members turned 15 years of age. Further, additional people have been added to the sample as a result of changes in household composition; for example, if a household member leaves his or her original household (e.g., if children leave home or a couple separates), he or she is followed and an entirely new "household" joins the panel.
Respondents did not complete the questions relating to job control if 1) they were not currently in paid employment (28%) or 2) they did not return the self-completion questionnaire section of the survey (6.2%). Fewer than 1% either refused to complete this section of the survey or provided multiple responses. Figure 1 outlines the flow of participants into the sample used for these analyses.
The study protocol was approved by the Human Ethics Subcommittee of the University of Melbourne. 
Outcome variables
The Mental Component Summary (MCS) of the Medical Outcomes Study 36-Item Short-Form Health Survey, also called Short Form 36, is administered annually in HILDA and was used to derive the outcome measures for these analyses. Short Form 36 is one of the most widely used selfcompletion measures of health status (17, 18) . It consists of 36 items measuring 8 dimensions of health: physical functioning, role physical functioning, bodily pain, general health, vitality, social functioning, role emotional health, and mental health. Two summary measures can be created from these 8 dimensions: the MCS and the Physical Component Summary. A low MCS score indicates frequent psychological distress, social and role disability due to emotional problems, and poor self-rated health (19) .
Predictor variables
Job control was estimated for each respondent for each survey year from 5 items contained in the self-completion component of the HILDA Survey.
The 5 items were used to create 2 equally weighted subscales that were combined into an overall measure of job control: skill discretion and decision authority. Skill discretion was based on 2 items (Cronbach's α = 0.65, pooled over 10 waves): "My job often requires me to learn new skills" and "I use many of my skills and abilities in my current job". Respondents were asked to indicate their response to each question on a 7-point scale ranging from "strongly disagree" (1 point) to "strongly agree" (7 points). The skill discretion score was the sum of the scores for each item divided by 2.
Decision authority was based on 3 items (Cronbach's α = 0.83, pooled over 10 waves): "I have lots of freedom to decide how I do my work," "I have a lot of say about what happens in my job," and "I have a lot of freedom to decide when I do my job". The decision authority score was the sum of the scores for each item divided by 3, ranging from 1 to 7.
Job control was computed as the sum of scores on the skill discretion and decision authority subscales, both given equal weight (Cronbach's α = 0.40, pooled over 10 waves). Quintiles of job control were estimated from this scale using the xtile command in Stata 12.0 (StataCorp LP, College Station, Texas). The cutoff values for the quintiles were estimated from the first wave of data and applied to each subsequent year, such that the same cutoff values were used to designate quintile categories for each wave of data.
Confounders
Potential confounders were identified from existing literature and consideration of the likely relationship between each potential confounder and change in job control and mental health. All models included adjustment for age group (<25 years, 25-34 years, 35-44 years, 45-54 years, or 55-64 years), survey year, and change in employment (an indicator of whether an individual had changed jobs, with or without a change in employer, since the previous annual survey wave). We did not adjust for change in income, as we reasoned that this was unlikely to cause a change in job control and therefore was not a likely confounder of the relationship between job control and mental health.
Analytical approach
We used longitudinal linear regression models with fixedeffects estimators to estimate the association of job control with mental health. Analyses were performed using Stata 12.0. Taking account of repeat observations of individuals, we used the following models (where i = individual within the sample and t = time period):
MCS was modeled as a function of a constant term (α) and a set of covariates (X) with an associated vector of coefficients (β) while v i is an individual-specific error term that controls for unobserved individual fixed effects (effects that are constant over time) and ε it is an error term that varies across individuals and over time. For the first research question, models included mental health as the outcome and contemporaneous job control quintile, coded as a continuous variable, as the exposure, adjusting for the time-varying confounders listed above. With respect to the timing of exposure and outcome, they were related over the same year/wave based on evidence from a panel study of 4 annual waves showing that changes in job strain were associated with changes in mental health over a 1-year time frame (9) .
For the second research question, models included mental health as the outcome and job control quintile as the exposure of interest (with the reference group set at quintile 1, people with the lowest level of self-reported job control), adjusting for the time-varying confounders listed above.
This approach allowed us to explicitly assess the relationship between increasing levels of job control and mental health within persons and then to assess whether there was evidence of a dose-response or graded relationship.
Given the low α value estimated for job control (Cronbach's α = 0.40) and some evidence of divergent associations with mental health for the job-control component subscales of skill discretion and decision authority (20), we fitted additional models for each of the subscales (both of which showed good reliability individually).
RESULTS
Descriptive results
The mean self-reported MCS score in the sample was 49.28 ( Table 1) . As expected, people aged 45-64 years reported slightly higher mental health (above 50 points) than people aged less than 25 years and people aged 25-44 years (approximately 48 points). People who had experienced a change in job control reported slightly lower mental health than people who had not (48.0 points vs. 49.6 points). There was little difference in self-reported mental health according to highest educational attainment. People in the highest 2 quintiles of job control reported better mental health than people in the lowest 3 quintiles (50-51 points vs. 47-48 points).
To characterize the frequency and magnitude of withinperson changes in job control, we conducted a descriptive correlation analysis on all HILDA participants with 2 or more consecutive waves of job control data. When transitions over consecutive waves of HILDA were considered (note that this was a different sample than the analytical sample, where comparisons were not restricted to consecutive waves), there were 234 people who moved from the lowest quintile of job control to the highest quintile between waves, and 180 people who reported moving from the highest quintile to the lowest (Table 2) . However, job control quintile did not change within persons between adjacent/successive waves in most instances ( Table 2 , diagonal). In those instances where job control quintile did change, it was most commonly a single quintile shift. Nevertheless, it is important to note that both upward and downward shifts in job control quintile were reported and that there were instances where people reported large changes in job control. 
Regression analysis
When job control was fitted as a continuous variable, we estimated increases in mental health of 0.39 points with each quintile increase in job control (95% confidence interval (CI): 0.32, 0.46) and 0.44 points (95% CI: 0.36, 0.53) for each unit increase in the rawscore.Whenjobcontrolwasfittedasacategoricalvariable,we observed a graded relationship between increasing job control quintile and self-reported mental health in the hypothesized direction (Table 3) . With each increase in quintile of job control experienced by a person, their mental health significantly increased, such that the mean within-person difference between the lowest and highest quintiles was 1.55 points on the MCS scale.
When the subscales that comprised the job control measure were analyzed separately (Table 4) , we found evidence that mental health improved with both increasing skill discretion and increasing decision authority when they were analyzed as continuous variables (0.16 points (95% CI: 0.10, 0.23) and 0.35 points (95% CI: 0.29, 0.42), respectively). For decision authority in particular, there was evidence of a stepwise increase in the magnitude of association when quintiles were modeled as categorical variables (Table 4) .
DISCUSSION
This study provided stronger evidence of a causal relationship between job control and mental health than previous observational studies (21) (22) (23) . We found that within-person improvement in job control was associated with improved mental health. Previous studies have shown declines in mental health with decreasing job control but have not provided evidence of the reverse, which is more important to making the case for job-stress preventive interventions (24) . We would argue that identification of a dose-response (suggested by an increasing likelihood of respondents' reporting better mental health with each quintile increase in job control) or graded relationship provides strong evidence for policy and practice action.
Our research supports previous studies that have gone some way toward identifying a causal relationship between psychosocial working conditions and mental health. For example, in the Whitehall II Study, Egan et al. (8) found that increases in job demands and decreases in job control led to higher risks of psychiatric disorders. Some of the previous null findings on improvements in job control might be explained by differences in the time frames and outcomes examined. For example, although a population-based Canadian study found no evidence that deteriorating job control predicted risk of depression 2 years on (12), this could be consistent with the relatively small magnitude of the effect estimated in this study of moving between the lowest and highest quintiles contemporaneously (approximately 1.5 points).
While the within-person differences in mental health from job control quintile 1 to job control quintile 5 were small from a clinical significance perspective, this result does not represent the experience of the whole source population but only that of persons who were classified into different job control quintiles over different waves. The total influence of job control on mental health in the source population also included, for example, the negative effects of persisting low control as well as the positive effects of consistently high control, neither of which were considered in this fixed-effects analysis. In addition, given that we found a graded relationship, our findings have implications for every working person as opposed to some occupational exposures that are group-or sectorspecific. We contend, following Rose's argument (25) , that small effects distributed throughout a large population represent important considerations for public health.
This study had a number of important strengths and some limitations. We used a large, national population-based sample of working Australians surveyed annually. We used an analytical strategy that allowed us to improve causal inference and comparison group exchangeability by assessing change in job control in relation to mental health within persons over time. While individual-or cluster-randomized trials, which are rare for studies of job control (6, 9) , provide a higher level of causal inference, the findings of this large national populationlevel study are far more generalizable than those of smallerscale intervention studies. Both are important to making a case for modifiability of mental health through job control improvement by means of policy and practice intervention.
Study limitations included having poor reliability for our measure of job control, which was likely to increase measurement error. We have shown, however, that the job control subscales of decision authority and skill discretion (each of which had good reliability) modeled separately yielded results consistent with the job control analysis, with both subscales showing significant associations in the same direction, though decision authority did show a stronger association as well as stronger evidence of a dose-response relationship. Interestingly, this result contrasts with findings from a recent study of a large Finnish multinational forest-industry corporation (with predominantly male employees), where negative associations were observed between decision authority and hospital admissions for mental disorders (20) as well as all-cause mortality (26) . Though a plausible theoretical rationale for this negative association has been put forward (20, 23, 27) , this difference in direction of association may be attributable to the particular organization studied and may not be generalizable to the full working population, as our study and a more recent Swedish population-based study (28) both showed positive associations between decision authority and mental health. Further limitations include the possibility of dependent misclassification bias, where the extent of misclassification of 2 variables is codependent. This is more likely in studies, such as this one, with 2 or more subjectively reported variables (e.g., job control and mental health). The fixed-effects analysis would have mitigated against this, however, as any time-invariant influences (e.g., negative affectivity) would have been controlled for. In addition, the reported transitions in job control could have occurred at any point within the year prior to the survey. We might expect that a stronger association with mental health could be observed during the weeks following a shift in job control, as compared with the months after the change, potentially biasing our effect estimates toward the null. Attrition bias is another potential limitation of longitudinal studies, but loss to follow-up in HILDA was low (<10% in most waves) (29) . Finally, while we were able to adjust for confounding in changing jobs, we did not have a measure of whether the change was voluntary or involuntary (involuntary shifts might have a more detrimental influence on mental health).
In conclusion, while previous research has established the detrimental influence of deteriorating job control, our findings suggest that actions to improve job control can yield small but significant improvements in mental health. These actions can be taken at various levels, ranging from the workplace to national policy (9, 19, 30) . Alongside the physical health and health behavioral outcomes associated with improved job control, our findings provide important support for policy and practice interventions designed to improve job control and other psychosocial working conditions (14) .
